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Abstract

The author studies the nonlinear spring characteristics of a magnetic bearing by experiments and nu-
merical simulations. The experimental system consists of a radial magnetic bearing stator which is located
horizontally, a cylindrical iron rotor supported by steel balls, analog PID control circuits and an exciter.
The influences of the static load, the exciting force and feedback coefficients of the PID control circuits on
the resonance curve of the system are investigated.

As results, followings are clarified. Due to the characteristics of linear power amplifier in the control cir-
cuits, the spring constant of the magnetic bearing becomes smaller when the control current exceeds the bias
current. Consequently, the characteristic of the bearing becomes soft spring type and inclination of
response curve is observed.
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Fig. 1 Experimental Rig



WSS DI A BT B TSR 29

FRATES4EOBHAELDD. A7 — % a7 CIEBERME, BV h, B S-N-
N-S-S-N-N-S DJRCEE I h T\ 5. ARIEZ L, FArE5 2HOERAR AT
ABWMER L CEAXEALLRFI L, TOERHIMEREC X v iniT 2 o &1 X » CHElfz
BaEET5. 24 V0BT —E S 02245 — v C, HEMEIIEE 13.9mm 5 X
$136.6mm THB. AF—xa7 OMEEL, BEAITHUTE WS HRAY ML &,
COWSMZOAMBEIINISON Lics. WHTABBOERT 68.23 mm, EOBERIL
66.90 mm TH B, FHEMEOF v v 71X 0.665 mm it 5.

v AT 2a0BEEAXR 2 CRT. 205 b, FIEEBEEERHED~1 7Y » FEKERS
RS hIc7 = 7 PID $IHEIR 2~ T « 85, v #8057 A-h Thne sl 5 E
BEER L. BREARBA 7 -7 v 737 — S voRZEAWIL—Y v b vEH
DAY =77 VI THDId, —HRADBRLIK T EHNTEX. £ZT, 74—
FARy 7HIMERE A 7 ABROMMPAREDEE, ¥4 X —FRX2T27Y) y ¥V
L, BREAOBRXITT0 LT3 X5 T 5. ZHILEEGEMSEBMEETH DD,
BEWACHAEZOBMETET L, WRIAWEDLALFRN ALY, BEhb 7,4 —FA
9 7 HHMENZIL LTLES DR SCEBRTHZYLMBETH S LELDRD. ~MT A
Bk, HHABREO Y -7 v FRMOBEXERBLCOSACEELL. PID 7 4 — F~
o 7 BRETHHEAER O R Y o — A X > THEL, UTO X5 cEBEREBYRELL. %
¥, ERRO AFEKEACEO LoT I BB LARBAER, 20Hz D L/t b X 51
o (P) 74 vaHEETS. (L, #RAERE30Hz M kL X5 E35E, 74

FFT
Analyzer
I
Gap Sensor PID Control Current
Amplifier Circuit Amplifier
| I_’:
- —I |
Digital Exciter
Oscillator Amplifier

Fig. 2 Measuring System




30 HE &

ANRREE L SN AEAN Y& ALETRALRIEL A Ub i, 28 Hz BEIBRATH -
fe.) 2FwE, EEROHHAIyM vobeT, By D 1 v, 5 D) ¥4 vEbeHk
THRAD 12 BELEERRBETS. BRO1/2 & LEBERIR, BRE&7 4 —F Ay 2
FRBD RIRBUCE R 5 B /LB, RROTNEHEY HHEERFET D TH
5. MIRENLIMV 81 7 r, } PET-05 ¥\ . & OIREBORAINEIL 5 kef,
BAZRILS5mm (p-p) THhD. MBEROT vy, - OEEBMNED PET-05A %\
h, T ONES AT NF 85 2 x L 2R Multi Function Synthesizer 1930A % {5 H
LICEREA A — 7552 AL, BARES, HIHER, MREEXR &%/ NEFRIsE FFT
754 % CF360 % HWCFHEM 5.

3. E B B R

3.1 BAECLIHMIEOTR

AR DRERE CHEEBCIBEEL N L CH#EY 2 ) T CKEARC I m:, WSz
OFFEZ TR LR YR 3 wRd. < O Tk PID $I#kK; & PD #l#H O E & 256
DOEAFRARERTVS. QRFELEML T -84, @Y LT\ » B &0 ER %
F¥. PID #lfHEE T, BOHE ) OFEDOLDERRENNIL/L-Tsbh, BRIK
DIEEIE . DL EWELEMOBRIIBEHEVTHY, RITFEC L ) —KEL3
5EMPITETEBRA TRTENTES. COEE»DRIMEYET S & 1.23 [N/um]
Ll L L, BRBROMRERC I, RIBAKE L 7% D1k 20~30 Hz D3R A
THH, TORWEREFA CIBEIHEORERIIITEA L . £ CEAS MY & L
PD $IfRE DS EE T35 &, BIMENIER /N E L 7 b PID fIHRC L~/ WHE T
KEBRBMVPEL TS, B, MENSN XBL b b HLEMOELERN AL,

B &
[Wh—] - O -
0.3 S o Increasing Load
= ® Decreasing Load
g 0.2F :
)
@ PD Control
2 0.1 PID Control
a ontro

0

Load [N]

Fig. 3 Influence of Static Load on Displacement
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Fig. 4 Influence of Static Load on Coil Current
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Fig.5 Influence of Exciting Force on Amplitude
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Fig. 6 Influence of Proportional Feedback on Amplitude

SER, FEEEENBEIL LD S IENH 9.51 [Np-p] OEa&%E#L L, PID 7 4

= VAR 7DERBEEFILIR L EORBRICE XL LIeT 5.

FTHOCIHA 7 vOBEYN6 R T. ZERBOKB 71 vk &1L, TD0.6,
0.8, 12120 5 4 v 52 to b TORBERT. HEIF A TEZRINE L IIEZMch b =
Eb, RAUTOREK ce&lici iz » TF A v oRImT e - CTIRIE B LT 5.
FIRBEERL Y 1 v oI B EAERAICBE LT 5h, HEEAE -7 0XE It
FEAEEADL, 074 vicBLTHEERRE L ARG OEZXVEE SR
To. Todks, HBIFA vERI2ED R ETF S E, /A XNEREELONSERBELXEAR

REA e RIRIE L, ChHUERMLY BT 2 ik cEich - 7.



BSEZ OFER R BI T B BT 33

- :
€ 100 .
£ 2
(]
o
=
F= i
_5_10 E E
£
<
—— k; (Standard Condition)
102 T 0.2 k; ' ' .
BT 107 10?
Frequency [Hz]

Fig. 7 Influence of Integral Feedback on Amplitude
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Fig. 8 Influence of Differential Feedback on Amplitude
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Fig. 9 Coil Current in Excited State
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Fig. 10 Numerical Simulation and Exprimental Results
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